The accumulation of polyols has been previously found in renal glomeruli isolated from streptozocin-induced diabetic (STZ-D) rats, although the intraglomerular polyol pathway has not been exactly localized. Because we have previously observed mesangial cell dysfunction in STZ-D rats, we examined whether the polyol pathway exists in mesangial cells as a possible candidate of the cause of cellular dysfunction. The activities of two polyol pathway enzymes, aldose reductase and sorbitol dehydrogenase, were clearly detected in the crude homogenate of cultured mesangial cells at higher levels than those of whole glomeruli when DL-glyceraldehyde or D-fructose was used as substrate. When cells were incubated in medium containing 55 mM glucose or galactose, a large amount of sorbitol or galactitol was accumulated intracellularly. The accumulation of polyols was effectively blocked by an aldose reductase inhibitor, ICI 128436. These results suggest that the polyol pathway exists in mesangial cells of rat glomeruli and may play a role in the development of mesangial cell dysfunction found in STZ-D rats. Diabetes 36:240-43, 1987 T here has been increasing evidence that the enhanced activity of polyol pathway plays an important role in the development of various diabetic complications such as cataract, neuropathy, and retinopathy (1,2). Furthermore, recent reports by indicate that diabetic nephropathy might also be caused by sorbitol accumulation in glomeruli. Because the activity of aldose reductase, a key enzyme for sorbitol synthesis, was found immunohistochemically in glomerular epithelium (6), sorbitol accumulation in epithelial cells may be pathogenetically linked to the development of diabetic nephropathy.
T here has been increasing evidence that the enhanced activity of polyol pathway plays an important role in the development of various diabetic complications such as cataract, neuropathy, and retinopathy (1, 2) . Furthermore, recent reports by Cohen et al. (3) (4) (5) indicate that diabetic nephropathy might also be caused by sorbitol accumulation in glomeruli. Because the activity of aldose reductase, a key enzyme for sorbitol synthesis, was found immunohistochemically in glomerular epithelium (6) , sorbitol accumulation in epithelial cells may be pathogenetically linked to the development of diabetic nephropathy.
On the other hand, it has been generally believed that the abnormality of mesangial region plays a crucial role in the development and progression of diabetic glomerulosclerosis (7) . Mesangial expansion is known to cause the obliteration of glomerular capillary lumen (8) and to correlate well with clinical parameters of renal involvement in diabetic patients (9) . Although the precise mechanism of the development of mesangial expansion has not yet been clarified, the derangement of mesangial cells may be one of the etiological factors (10, 11) . Therefore, it appears pertinent to investigate whether the activity of polyol pathway exists in mesangial cells in connection with mesangial abnormality.
MATERIALS AND METHODS
Glomerular isolation and culture. Glomeruli were isolated from male Sprague-Dawley rats weighing 50-100 g by sieving with stainless steel and nylon meshes under sterile conditions as previously reported (12) . The yield of glomerular isolation by this technique was -4 0 % and the purity was >90% and was comparable to results obtained in human autopsied kidney using similar technique (13, 14) . Isolated glomeruli were then cultured with RPMI-1640 culture medium (Gibco, Grand Island, NY) with 20% fetal calf serum plus penicillin and streptomycin according to the method of Kreisberg and Karnovsky (15) . Mesangial cells were isolated by subculturing several times starting with the 4th wk. Isolated cells were identified by 1) culturing in RPMI-1640 medium containing D-valine substituted for L-valine, and in puromycin-(10 [xg/ml) or mitomycin C-(10 |xg/ml) containing medium, 2) measuring angiotensin II binding capacity, and 3) electron-microscopic observation. The angiotensin II-binding capacity of mesangial cells was assayed with 125 l-labeled angiotensin II as previously reported for glomeruli (16) . Confluent mesangial cells derived from a single glomerular culture were used for the following experiments. Enzyme activities. The glomeruli isolated from -2 0 rats were pooled and used for the measurement of enzyme ac- tivities. Cultured mesangial cells in dishes or pooled glomeruli were homogenized in 20 mM phosphate buffer, pH 7.4, with a Polytron homogenizer for 30 s and centrifuged at 2000 x g for 15 min at 4°C. The supernatant was used as an enzyme source for the measurement of activities of aldose reductase (AR) and sorbitol dehydrogenase (SDH) as previously reported (17, 18) . Measurement of polyols by HPLC. Cultured mesangial cells in dishes were incubated in 4 ml of Dulbecco's phosphate-buffered saline at pH 7.4 containing 2% bovine serum albumin and 5 mM glucose for 4 h at 37°C. High-glucose (55 mM) or high-galactose (55 mM) medium was also used in the absence or presence of the aldose reductase inhibitor ICI 128436 (1.3 x 10~5 M) (19) . Four culture dishes with mesangial cells were used in each group. Cells were washed with cold saline several times, homogenized in 2 ml cold water with the internal standard, deproteinized with ethanol to a final concentration of 70%, and centrifuged at 12,000 x g for 15 min. The supernatant was lyophilized and derivatized with phenyl isocyanate as previously reported by Dethy et al. (20) . Polyol derivatives were then applied to a column (Nucleosil 5C 18 MN, Machery-Nagel, Duren, FRG), eluted isocratically with 0.01 M phosphate buffer (pH 7.4) containing 60% acetonitrile at a flow rate of 0.8 ml/min, and detected at 240 nm. As an internal standard, D-catethin (Nakarai Chemicals, Kyoto, Japan) was used for the measurement of galactitol, and galactitol was used to measure sorbitol.
RESULTS
Identification of mesangial cells. Glomerular cells cultured in this study were homogeneously spindle shaped ( Fig. 1/4 ) and identified as mesangial cells for the following reasons.
7) The actin filaments were richly stained by peroxidaseconjugated heavy melomyosin. 2) They possessed specific binding capacity to angiotensin II and were able to contract in the presence of 10~9 M angiotensin II. 3) They survived in RPMI medium with D-valine substituted for L-valine, which led to detachment of cultured fibroblasts from the dish (Fig.  18 ). 4) They were destroyed by the addition of mitomycin C to the culture medium but not by the addition of the same amount of puromycin. These results were consistent with characteristics of mesangial cells reported by others (21, 22) . Activities of AR and SDH. Enzyme activities of mesangial cells compared with those of whole glomeruli are shown in Table 1 . The crude extract of mesangial cells was found to contain a considerable amount of glyceraldehyde-reducing activity. The specific activity of AR was larger in mesangial cells than in whole glomeruli. However, these values were not compared statistically because their tissue components were apparently different. SDH activity was also detected when fructose instead of sorbitol was used as a substrate. (Table 2) . Incubation in high-glucose medium caused a significant increase of sorbitol in these cells. The aldose reductase inhibitor also suppressed sorbitol accumulation.
DISCUSSION
This study clearly demonstrates the presence of polyol pathway in cultured mesangial cells of rat glomeruli. Although the presence of polyol pathway in renal glomeruli was previously detected biochemically (23) and immunohistochemically (6), its intraglomerular localization has not been confirmed. The earlier immunohistochemical study (6) demonstrated the presence of AR in epithelial cells of glomeruli but not in mesangial or endothelial cells. However, several recent biochemical studies demonstrated that AR does exist in capillary cells of various organs, e.g., retinal capillary pericytes (24) (25) (26) and mural cells of the brain (24) , which are structurally matched to mesangial cells in the glomeruli (27) . Thus, mesangial cells may possess biological characteristics similar to capillary pericytes, although the presence of polyol pathway enzymes in mesangial cells should be confirmed in vivo.
It is not yet clear whether the polyol pathway in mesangial cells plays a role in the development of the mesangial cell dysfunction found in streptozocin-induced diabetic rats (11) . Sorbitol accumulation appears to be linked with phosphoinositide metabolism. Cohen et al. (5) suggested that intracellular accumulation of sorbitol may be related in part to reduction of myo-inositol, which could lead to derangement of phosphoinositide metabolism and thus to diminished Na + -K + -ATPase activity. Furthermore, Greene and Lattimer (28) reported that a reduction of protein kinase C activity may regulate these defects in rabbit nerve. Mesangial cells are also known to exert their biologic functions, e.g., contractile response to stimulants, via phosphoinositide-mediated protein kinase C activation (29) . Thus, sorbitol accumulation in mesangial cells could lead to the loss of their contractile properties as we reported in the streptozocin-induced diabetic rats (11) . Further studies should be done to clarify the pathophysiologic role of polyol pathway in the development of mesangial cell dysfunction in diabetes mellitus.
